Context. A chemical scenario was proposed for photon-dominated regions (PDRs) according to which UV photons from nearby stars lead to the evaporation of very small grains (VSGs) and the production of gas-phase polycyclic aromatic hydrocarbons (PAHs). Aims. Our goal is to achieve better insight into the composition and evolution of evaporating very small grains (eVSGs) and PAHs through analyzing the infrared (IR) aliphatic and aromatic emission bands. Methods. We combined spectro-imagery in the near-and mid-IR to study the spatial evolution of the emission bands in the prototypical PDR NGC 7023. We used near-IR spectra obtained with the IRC instrument onboard AKARI to trace the evolution of the 3.3 µm and 3.4 µm bands, which are associated with aromatic and aliphatic C−H bonds on PAHs. The spectral fitting involved an additional broad feature centered at 3.45 µm that is often referred to as the plateau. Mid-IR observations obtained with the IRS instrument onboard the Spitzer Space Telescope were used to distinguish the signatures of eVSGs and neutral and cationic PAHs. We correlated the spatial evolution of all these bands with the intensity of the UV field given in units of the Habing field G 0 to explore how their carriers are processed.
Introduction
A significant fraction of interstellar carbon (up to 20%, Joblin et al. 1992; Tielens 2005 ) is tied up in the carriers of the aromatic infrared bands (AIBs). The most intense AIBs are observed at 3. 3, 6.2, 7.7, 8.6, 11.3, and 12 .7 µm and are generally attributed to stochastically heated polycyclic aromatic hydrocarbons (PAHs, Léger & Puget 1984; Allamandola et al. 1985) . This set of emission bands shows systematic variations in the relative intensity and central wavelength of the bands (Peeters et al. 2002) , reflecting variations in the local physical conditions and a chemical evolution of their carriers. From the analysis of spectro-imagery data on several Galactic photon-dominated regions (PDRs), the variations of the mid-IR (5.5 − 15 µm) bands were attributed to the emission of three different populations: PAH cations and neutrals (PAH + and PAH 0 ) and evaporating very small grains (eVSGs, Rapacioli et al. 2005; Berné et al. 2007; Pilleri et al. 2012) . A chemical scenario has been proposed according to which eVSGs evaporate under UV irradiation, producing free-flying PAHs. Candidates such as PAH clusters (Rapacioli et al. 2006; Montillaud & Joblin 2014) or Fe-PAH complexes (Simon & Joblin 2009 ) have been proposed as models for these eVSGs. Jones (2012) recently proposed a model for the evolution of carbonaceous dust in the interstellar medium in which the smallest particles are aromatized, whereas the largest ones remain H-rich and predominantly aliphatic. Such a scenario would reconcile the observation of both the aromatic emission bands in UV-irradiated regions and the 3.4 µm CH aliphatic absorption feature as a main feature of interstellar dust in galaxies (Dartois et al. 2004) . To develop this evolutionary scenario further, we report here a study of the 3.4 µm emission band, which is observed as a minor band at the side of the main AIB at 3.3 µm. Characteristic of aliphatic CH bonds, this band has been attributed to methyl sidegroups attached to PAHs (Jourdain de Muizon et al. 1990) or to superhydrogenated PAHs (Bernstein et al. 1996) . The observed 3.4/3.3 µm intensity ratio (I 3.4 /I 3.3 ) is found to decrease for an increasing intensity of the UV field (Geballe et al. 1989; Joblin et al. 1996; Sloan et al. 1997; Mori Fig. 1: In color scale, the Spitzer IRAC 8 µm image of the NGC 7023 NW PDR (Werner et al. 2004 ). The dark lines demarcate the region in which AKARI-IRC data were obtained, the white rectangle represents the Spitzer-IRS field of view. The star represents the position of HD 200775. The insets represent the AKARI and IRS beam sizes. AKARI spectra between 2.8 and 3.9 µm are shown to the right. They correspond to the positions P1-P4 that are marked as black dots on the map. et al. 2014), reflecting the photo-destruction of the more fragile bonds linked to the 3.4 µm band.
In this paper we present 2D spectroscopy of the PDR associated with the reflection nebula NGC 7023 NW obtained with the AKARI and Spitzer space telescopes. The combination of these datasets allows us to study the spatial variations of the 3.3 and 3.4 µm emissions due to aromatic and aliphatic bonds with those of the PAH 0 and eVSG emissions. In Sect. 2 we present the observations and the data reduction. In Sect. 3 we describe the data analysis tools and present the observational results. We discuss these results in Sect. 4. Finally, the conclusions are presented in Sect. 5.
Observations

NGC 7023 NW
NGC 7023 is a reflection nebula in the Cepheus constellation illuminated by the B2-5Ve binary star HD 200775 (Alecian et al. 2008) . The distance of HD 200775 to the Sun measured by Hipparcos is 430 +160 −90 pc, but a recent analysis revised the distance to 320 ± 51pc (Benisty et al. 2013) . The nebula has been shaped by the star formation process, which led to the formation of a cavity (Fuente et al. 1993) . The interaction of the UV photons with the walls of the parent molecular cloud has produced several PDRs to the northwest, south, and east of the star. The brightest PDR is found about 45 NW from the binary star (hereafter the NW PDR, or NGC 7023 NW). Pilleri et al. (2012) estimated the intensity of the radiation field at the PDR front to be G 0 ∼ 2600 in units of the Habing field (Habing 1968) . Previous observations of different gas lines have shown that this region hosts structures at different gas densities: n H ∼ 100 cm −3 in the cavity (Berné & Tielens 2012) , 10 5 − 10 6 cm −3 in the filaments that are observed in the mm (Fuente et al. 1996) and near-IR (Lemaire et al. 1996; Martini et al. 1997) , and ∼ 10 4 cm −3 in the molecular cloud (Gerin et al. 1998 ).
Near-and mid-IR observations with Spitzer and AKARI
The infrared camera (IRC, Onaka et al. 2007 ) onboard the AKARI space telescope (Murakami et al. 2007 ) was used to obtain near-IR (2.5-5 µm) spectro-imagery of NGC 7023 NW. The observations were performed as part of the open-time program NESID of the AKARI post-helium phase between October 2008 and January 2010. They were carried out using the grism spectroscopy mode with the narrow Nh slit, which provides a spectral resolution of about 0.02 µm and a spatial resolution of ∼ 3 (Onaka et al. 2007 ). The slit position was slightly shifted for the different runs to make dithering observations. In each pointed observation, eight to nine exposure cycles in spectroscopy were obtained together with one exposure in imaging in the N3 (3.2 µm) band, which gives the accurate position information. The on-source integration time for each observation is typically 360 s. The data were processed with the latest version of the spectroscopic toolkit (version 20110301) for the phase 3 observation 1 . The NGC 7023 NW observations consisted of 20 stripes of length ∼ 50 , each with a slightly different position and orientation. The stripes were then combined in a mosaic using the software montage 2 . The field of view of the final mosaic results from the overlap of the slit coverages of all the stripes and is displayed in Fig. 1 . The near-IR features vary smoothly between nearby positions but are significantly different with distance to the star, as shown by the four representative spectra in Fig. 1 that correspond to offsets of P1 [-29 , 24 ] ; P2 [-36 , 35 ] , P3 [-39 , 38 ] , P4 [-43 , 41 ] relative to the position of HD 200775.
We compare this dataset with the Spitzer-IRS observations of NGC 7023, which provides spectral imagery in the wavelength range [5.5-14] µm and covers the whole filamentary region of the NW PDR with a spatial resolution of 3.6 (see Fig. 1 ). This dataset has been described in detail in previous studies, for example, Werner et al. (2004) , Berné et al. (2007) , and Pilleri et al. (2012) . 
Spectral analysis and spatial distributions
Near-infrared
The first column of Fig. 2 shows the AKARI-IRC spectra observed at the positions P1-P4. The spectra are dominated by the two emission bands that peak at 3.29 and 3.40 µm, in addition to an underlying plateau. To fit these spectra we used two narrow Gaussians for the 3.29 and 3.40 µm features and a broader Gaussian centered at 3.45 µm to account for the plateau. We let the central wavelength of the Gaussians vary by 0.01 µm to account for small shifts and treated the band widths and intensities as free parameters. We simultaneously fit the observed spectrum using a linear combination of these features and a linear continuum. The resulting full widths at half maximum of the bands were found to be ∼ 0.03 µm for the 3.29 and 3.40 µm bands and ∼ 0.1 µm for the 3.45 µm plateau. As shown in Fig. 2 , this yields very good fits of the spectra, even in cases with a strong plateau and faint superposed 3.40 µm band. The 3.29 µm band is commonly attributed to the C−H inplane stretching mode in PAHs, whereas the 3.40 µm band and the plateau are more difficult to attribute unequivocally. Steglich et al. (2013) concluded that it is difficult from a spectroscopic point of view to favor the attribution of the 3.4 µm band either to methyl side groups attached to PAHs or to superhydrogenated PAHs. Still, Joblin et al. (1996) showed that the evolution of the 3.4/3.3 µm band ratio with the UV field can be explained by methylated PAHs. The 3.45 µm plateau is most likely the superposition of a number of faint features including other aliphatic modes, hot band emission of aromatic CH (Barker et al. 1987 ) and combination bands of C−C and C−H aromatic modes (Allamandola et al. 1989 ). In Fig. 3 we show the pixel-to-pixel correlation of the integrated intensity of the 3.45 µm plateau (I pla ) with that of the 3.29 µm (I 3.3 ) and 3.40 µm (I 3.4 ) bands. I pla correlates better with I 3.3 (correlation coefficient R = 0.95) than with I 3.4 (R = 0.77). This suggests that the plateau is dominated by the emission from aromatics (hot bands and combination bands). Since our goal is to study the behavior of the aromatic vs aliphatic evolution, we exclude the plateau from the analysis in the following.
Mid-infrared
To extract the emission of the different AIB carriers, we used the results of the PAHTAT procedure (Pilleri et al. 2012) . Figure  2 shows the mid-IR spectra and the corresponding fits for the four positions P1-P4. PAHTAT also allows estimating the value , and the 3.45 µm plateau (I pla ). The correlation coefficient R and the slope m of the linear fit to the points are also given. I pla correlates better with the intensity of the aromatic 3.3 µm band than with the aliphatic 3.4 µm band. This indicates that the plateau is dominated by emission from aromatic bonds.
of A V along the line of sight assuming that the AIB carriers and other dust populations are well mixed. From these A V values, we reconstructed the deredenned mid-IR and near-IR spectra by using the extinction curve from Weingartner & Draine (2001) for an R V value of 5.6 (Witt et al. 2006 ). These unreddened spectra are used in the following analysis. The 3.3 and 3.4 µm bands are sufficiently close in wavelength for their ratio is to be not significantly affected by the extinction correction. Table 1 shows the relevant results of the fit for the positions P1-P4, that is, the integrated intensity of the near-IR bands, of the PAH + , PAH 0 , eVSG, and of the total AIBs, as well as the fraction of carbon locked in eVSGs ( f eVSG ). In Pilleri et al. (2012) , we have shown that f eVS G can be derived from every pixel and then used as a probe for G 0 in the region of the PDR with significant eVSG emission. For NGC 7023 NW, this region starts at a distance of ∼ 45 from HD 200775, corresponding to G 0 = 2600. In the more exposed layers of the PDR, we obtain an estimate of the UV field intensity by assuming geometrical dilution of the stellar radiation field, a stellar temperature of T e f f = 15 000 K (Finkenzeller 1985) , and a local extinction of A V = 1.5 (Pilleri et al. 2012 ). The total map of G 0 we obtain is shown in Fig. 4. 
Spatial distributions
Applied to the full IRS data cube, PAHTAT allows deriving the spatial distribution of the intensity of PAH + , PAH 0 , and eVSGs (top panel in Fig. 5 ). These results have been described in detail in Pilleri et al. (2012) and can be summarized as follows: PAH + dominate the mid-IR emission between the illuminating star and the PDR front; PAH 0 are the most abundant species at the PDR front as traced by the emission of the H 2 rotational lines; eVSGs dominate the emission slightly deeper inside the cloud; the transition between PAH 0 and eVSGs corresponds to the peak of the H 2 S(3) line, which is found at a magnitude of visual extinction, A V ∼ 1 (Pilleri et al. 2012) .
Figures 5a,b show the integrated intensity maps of the 3.3 µm and 3.4 µm bands. Both maps peak toward the H 2 S(3) filament . The values of G 0 between the star and the PDR were obtained assuming geometrical dilution of the stellar radiation field and a local extinction value of A V = 1.5. Inside the PDR, we used the fraction of carbon locked in eVSG as a probe for G 0 (Pilleri et al. 2012) .
that delineates the PDR front. The 3.3 µm band is also detected in the cavity between the star and the PDR, whereas the 3.4 µm band is detected only toward the PDR. Neither the 3.3 µm nor the 3.4 µm bands is detected in the more shielded layers of the PDR, farther away from HD 200775 than the H 2 filaments.
In Fig. 5c,d we compare these maps with the spatial distribution of PAH 0 and eVSGs intensities obtained with PAHTAT. A very good spatial correlation is found between I 3.3 and I PAH 0 (Fig. 5c) . In contrast, the 3.4 µm band is more localized on the Third column: Semi-empirical model that in addition includes the dependency with G 0 on the intensity at 3.3 and 3.4 µm relative to all PAH 0 bands (see text). In all panels, the linear fit to the data points (red line) is shown as well as its slope m. dense PDR with a good spatial correlation between I 3.4 and I eVS G (Fig. 5d) . Still, the 3.3 µm band is observed inside the cavity, which indicates that there is a contribution from PAH + to its emission, and/or that a fraction of PAH 0 is present in the cavity (Fig.5e) . The intensity at 3.3 µm decreases by a factor > 5 (from 3×10 −6 to 6×10 −7 W m −2 sr −1 ) in regions where I PAH + /I PAH 0 3 (Fig. 5f ). Since we are interested in the evolution of the 3.4 µm band relative to the 3.3 µm band, we restrain our analysis below to the PDR front and mask the pixels that have I PAH + /I PAH 0 > 1 and those where the 3.4 µm band is not detected.
Discussion
Variation of I 3.3 with G 0
The dependence of the 3.3 µm band intensity on G 0 results from three effects: change in the abundance of its carriers, PAH ionization since the 3.3 µm band is expected to be smaller for PAH + relative to PAH 0 (see a review on quantum-chemical calculations by Pauzat 2011) , and excitation effects. We discuss these effects here by considering the I 3.3 /I PAH 0 ratio. As shown in Fig. 6a , this ratio presents some dispersion, but with an overall increase with G 0 . The observed intensity of the 3.3 µm band can be written as a function of the column density N 3.3 of its carriers and G 0 :
where 3.3 is the average emissivity at 3.3 µm per aromatic CH bond in PAHs along the line of sight, which depends on the molecular properties of their carriers and the excitation conditions, and N 3.3 is the column density of aromatic CH bonds. The intensity of the 3.3 µm band is the sum of the contribution of the neutral and cationic PAHs. Thus, the ratio I 3.3 /I PAH 0 can be written as
where I 0/+ 3.3 , 0/+ 3.3 are the emitted intensity and average emissivity of the 3.3 µm band due to PAH 0 and PAH + , and N 0/+ 3.3 is the column density of aromatic CH bonds of neutral and ionized species. We assume that the ionization fraction is the same for the carriers of the 3.3 µm band and for the whole PAH population, that is, N (Montillaud et al. 2013, see discussion below) . From this we obtain
where we have defined
k 3.3 represents the fraction of the bolometric PAH emission in the 3.3 µm band for the PAH 0 population and is therefore an indicator of the PAH size distribution. Pech et al. (2002) have modeled the IR emission spectrum of a distribution of PAHs under irradiation by UV photons and derived values for k 3.3 of about 0.01 − 0.02 depending on the assumed size distribution. The p 3.3 parameter represents the emissivity ratio for PAH cations and neutrals. It is expected to depend on the excitation conditions since PAH cations (open-shell species) have more electronic bands at low energy. However, in a relatively hard UV field, the excitation will be dominated by the strong UV π → π * and σ → σ * type bands, which are present in all charge states and are almost equal across them (Mulas et al. 2006) . The p 3.3 parameter will then depend mainly on the relative IR absorption cross-section at 3.3 µm of PAH cations relative to neutrals. Values in the range 0.2-0.5 have been calculated for PAH sizes between 20 and 60 C atoms (Malloci et al. 2007 ).
The total emissivity for a neutral and a cation with similar size is approximately the same because of conservation of energy and the fact that their UV absorption cross-sections are in first approximation similar, as explained above. Therefore, we can use the ratio of the observed intensity I PAH + /I PAH 0 as a probe for the column density ratio of ionized to neutral PAHs, and rewrite Eq. 3 using only the observed intensities and the molecular parameters k 3.3 and p 3.3 :
The term in parenthesis is related to the contribution of the ionization fraction of PAHs along the line of sight to the observed I 3.3 /I PAH 0 ratio. Using the maps we obtained with PAHTAT, we derived the values of G 0 and I PAH + /I PAH 0 for each pixel (Figs. 4 and 5f, respectively) . Then, we used these values to compute a model map of I 3.3 /I PAH 0 using Eq. 6 with constant values of k 3.3 and p 3.3 . This semi-empirical model (hereafter model 1, Fig. 6b ) cannot reproduce the observed trend in I 3.3 /I PAH 0 . As an example, Fig. 6b shows the results for model 1 using k 3.3 = 0.2 and p 3.3 = 0.5. These values give the best fit to the data within the physically meaningful range for k 3.3 and p 3.3 . This shows that the observed variations of I 3.3 /I PAH 0 cannot be accounted for by a variation in the mean charge of PAHs alone.
To obtain a better fit of the observed increase of I 3.3 /I PAH 0 with G 0 , we assumed that k 3.3 depends on G 0 with a linear relationship: k 3.3 = 0.02 + k * 3.3 × G 0 . We fit the slope of this correlation by varying k * 3.3 . The best fit is obtained using k *
(hereafter model 2, Fig. 6c ). The dependency of k 3.3 on G 0 could be due to an increase of the abundance of the 3.3 µm carrier relative to all neutral PAHs, or to an increase of the emissivity at 3.3 µm relative to the total emissivity of PAH 0 . As discussed below, the first effect is likely to involve a chemical evolution of the PAH population, whereas the second is related to excitation conditions. Analyzing infrared observations obtained by Spitzer and Herschel, Berné & Tielens (2012) showed that there is no global variation of the PAH abundance in the region covered by our observations. Montillaud et al. (2013) modeled the chemical evolution of PAHs in NGC 7023 NW. They showed that PAHs of small sizes (with a number of carbon atoms N C 50) are fully dehydrogenated, whereas larger PAHs are normally hydrogenated and possibly superhydrogenated for the largest sizes (N C 90). The ionization fraction is found to be rather similar from one size to the other. It is interesting to note that across the PDR, intermediate-sized PAHs (N C ∼ 60 − 70) can experience strong variations in their hydrogenation state because of the competition between photodissociation by UV photons and recombination with H atoms. For instance, C 66 H 20 is predicted to be fully hydrogenated at the border of the PDR, but fully dehydrogenated deeper inside the cloud at a distance from 5 to 10 from the PDR front. Here, the abundance of H relative to H 2 decreases faster than the attenuation of UV photons, resulting in fully dehydrogenated species. This effect could explain the increase in the 3.3 µm band intensity with increasing G 0 . Another possibility is that the emissivity at 3.3 µm increases with G 0 as a result of the higher average internal temperatures of PAHs with higher UV field. Two effects may be invoked: in the most exposed layers of the PDR, the UV radiation field is becoming harder because of decreased extinction by dust (Rapacioli et al. 2006) . Secondly, when the UV flux increases, the probability for multiple photon events increases. A PAH that has absorbed a UV photon can only relax part of its internal energy before absorbing another photon, and it is therefore heated to higher temperatures. However, whereas multiple photon events are important for studying photo-dissociation (Montillaud et al. 2013) , they remain rare events in NGC 7023 NW and do not contribute significantly to the mid-IR emission. In addition, Witt et al. (2006) showed that in the first layers of the PDR there is a significant contribution of high-energy UV-photons (hν 10.3 eV) that are suppressed in the more protected layers (A V 2). The variation of the hardness of the UV field across the PDR provides another explanation for the increase of the intensity of the 3.3 µm band with G 0 . Quantifying the importance of this process compared to the hydrogenation effect described above would require a full chemical and photo-physical model, which is not the purpose of this paper. We conclude that the increase of I 3.3 /I PAH 0 with G 0 is due to a change in the hardness of the UV field combined with an increased abundance of aromatic CH bonds at the border of the PDR, both effects being relatively moderate.
Photo-destruction of aliphatics
Similar to the 3.3 µm band, the intensity of the 3.4 µm band relative to the total intensity of the PAH 0 bands (I 3.4 /I PAH 0 ) also presents some dispersion. However, it shows an overall decrease with G 0 (Fig. 6d) . In analogy with the 3.3 µm case, the observed intensity of the 3.4 µm band can be written as
where 3.4 and N 3.4 are the average emissivity and column density per aliphatic CH bond along the line of sight. Equation 6 can be rewritten for the 3.4 µm band as
To obtain an estimate of the typical values for p 3.4 , we used the NASA-Ames PAH IR Spectroscopic database 3 (hereafter the NASA-Ames PAH database, Boersma et al. 2014 ) and obtained p 3.4 1, depending on the size of the PAH being considered. Since p 3.4 > p 3.3 , the term in parenthesis is larger for the 3.4 µm than for the 3.3 µm band, implying that the charge state of PAHs modifies the ratio I 3.4 /I PAH 0 more significantly than does I 3.3 /I PAH 0 .
Assuming p 3.4 = 1, the best fit to the data using our model 1 is obtained using k 3.4 = 0.002, which allows us to reproduce the average values of I 3.4 /I PAH 0 (Fig. 6e) . k 3.4 is found to be a factor of 10 lower than k 3.3 because of the lower abundance of aliphatic CH groups compared to the aromatic CH groups. The relative abundance of aliphatic vs aromatic groups we derive agrees with previous studies, including the recent work of Li & Draine (2012) . The observed negative slope of the I 3.4 /I PAH 0 vs G 0 correlation (Fig. 6d) is not reproduced by our model 1 (Eq. 8 and Fig. 6e ). As for the 3.3 µm band, we assume a dependency of k 3.4 with G 0 : k 3.4 = 0.002 + k * 3.4 × G 0 . The observations can be best reproduced by k * 3.4 = −1.8 × 10 −7 (Fig. 6e) . This negative term mainly reflects the destruction of the carriers of the 3.4 µm band with increasing G 0 . This is an effective value that reflects both the increase in intensity and hardness of the UV field while reaching the edge of the PDR. The ratio I 3.4 /I 3.3 can be used as a tracer of the aliphatic to aromatic content in PAHs if we assume that both bands arise from the same carriers. This ratio is low in the cavity (∼ 0.03 at P1) and increases monotonically toward the PDR, reaching its highest value (∼ 0.15) slightly behind the H 2 S(3) and the . The density plot of the I 3.4 /I 3.3 band ratios vs G 0 is also shown (c). In red, we report the linear regression of the data points. Only the pixels for which I 3.3 > 1.0 × 10 −7 W m −2 sr −1 have been used to build in the analysis of the 3.4/3.3 µm ratio.
PAH
0 emission (Fig. 7a) . The highest gradient is found at the PDR front where in only ∼ 10 the ratio increases by a factor of ∼ 3. This shows that photo-chemical processing of the carriers of the 3.4 µm band is taking place in this region. We note that 10 corresponds to the angular width of the filament traced by the H 2 rotational emission. Interestingly, this is also the evaporation zone of eVSGs into gas-phase PAHs. We have used the I eVS G /I PAH = I eVS G /(I PAH 0 + I PAH + ) ratio as an indicator of the destruction of eVSGs into PAHs by UV photons. The relative spatial distributions suggest that the destruction of eVSGs is then followed by that of the 3.4 µm carriers. This suggests that the evaporation of eVSGs leads to the production of PAHs with aliphatic groups. Figure 7c shows the pixel-to-pixel correlation between I 3.4 /I 3.3 and log(G 0 ). Dividing each side of Eq. (8) by Eq. (6), we obtain I 3.4
where D ion is the ratio of the terms in parenthesis in each equation and represents the variation of I 3.4 /I 3.3 due to ionization. Because the intensity of PAH + relative to that of PAH 0 is 0.4, D ion is very close to 1. More specifically, D ion is about 10% higher in the more exposed regions in which I PAH + /I PAH 0 = 0.4 compared to the region with no PAH + emission, thus it cannot explain the trend shown in Fig. 7c . For PAH sizes larger than ∼ 50 carbon atoms, 0 3.4 / 0 3.3 can be also considered constant (cf. NASA-Ames PAH database), and therefore the observed trend can be mainly attributed to a decrease in the abundance of the aliphatic CH bonds relative to aromatic CH bonds.
The trend we observe is similar to that reported in Joblin et al. (1996) and analyzed by the authors using a simple photochemical model that describes the evolution of methylated PAHs. The authors showed that the decrease of the 3.4 µm band occurs because the reactions that could reconstruct the aliphatic side-groups in the gas-phase are highly improbable.
Conclusions
Thanks to the high spatial resolution of observations made in the near-and mid-IR, we probed the evolution of aliphatic and aromatic CH groups in the spatially resolved PDR NGC 7023 NW. We showed that the intensity of the 3.3 µm band relative to the total PAH emission increases with G 0 , while the relative contribution of the 3.4 µm band decreases with G 0 . In the most exposed layers of the PDR, the UV radiation field is harder and high-energy UV photons can excite PAHs to higher temperatures, leading thus to an increase of the fraction of energy emitted at 3.3 µm. The higher abundance of H atoms in this region can also increase the abundance of CH aromatic bonds. On the other hand, the higher flux of UV photons leads to efficient destruction of the more fragile aliphatic CH bonds attached to PAHs, which cannot be efficiently reformed in these regions. In addition, we showed that the observed 3.45 µm plateau is dominated by the emission from aromatic bonds.
We find that the change in the aliphatic vs aromatic composition is particularly important along the filament that delineates the PDR. In particular, the I 3.4 /I 3.3 ratio peaks close to the region where eVSGs are photo-evaporated into PAHs. This suggests that the processing of eVSGs leads to PAHs with attached aliphatic sidegroups, which provides further insights into the formation and evolution of these species in astrophysical environments. (Very) small grains of mixed aromatic and aliphatic composition are known to be present in circumstellar environments (Kwok et al. 2001; Goto et al. 2003; Sloan et al. 2007 ), and they have been considered to be a major component in the dust model by Jones (2012) . We provided here the first observational insights for the presence of such grains in interstellar clouds.
